The major fatty acids (.5 %) were summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c) and11-methyl C 18 : 1 v7c. Phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylcholine, one unidentified glycolipid and one unidentified polar lipid were the main polar lipids. Ubiquinone 10 (Q-10) was the sole respiratory quinone. Strain SP32
T did not produce photosynthetic pigments and did not contain the gene pufM, by which it differed from the phototrophic species of the family Rhodobacteraceae. Based on its distinct phenotypic, chemotaxonomic and phylogenetic properties, strain SP32 T represents a novel species in a novel genus within the family Rhodobacteraceae, for which we propose the name Frigidibacter albus gen. nov., sp. nov. The type strain of Frigidibacter albus is strain SP32 T (5SLM-1 T 5CGMCC
1.13995
The family Rhodobacteraceae (Garrity et al., 2005) , which is a member of the class Alphaproteobacteria, embraced 104 genera with validly published names at the time of writing. Members of the family Rhodobacteraceae are physiologically and metabolically heterogeneous, including both phototrophic and non-phototrophic bacteria. In recent years, many novel species isolated from various habitats have been shown to belong taxonomically to the family Rhodobacteraceae, such as species of the genera Youngimonas (Hameed et al., 2014) , Cribrihabitans (Chen et al., 2014) , Planktomarina (Giebel et al., 2013) , Pelagimonas (Hahnke et al., 2013) , Profundibacterium (Lai et al., 2013) , Sagittula (Lee et al., 2013a) , Epibacterium (Penesyan et al., 2013) and Falsirhodobacter (Subhash et al., 2013) . In this communication, we report a novel non-phototrophic species of a new genus associated with the family Rhodobacteraceae, which was isolated from a cold-water lake.
Five samples (NO.1-5) of lake water were collected from Sayram Lake, located in Xinjiang province in the west of China, at an altitude of 2071.9 m (44.61 u N 81.17 u E). The annual mean water temperature is 5 u C. Bacterial strains were isolated by standard dilution plating technique and incubated on PYG (5.0 g Bacto peptone, 0.2 g yeast extract, 5.0 g glucose, 3.0 g beef extract, 0.5 g NaCl, 1.5 g MgSO 4 . 7H 2 O, 1000 ml sterile water, 15 g agar, pH 7.0) and R2A agar at 8 u C for 1 month. Single colonies were transferred and purified, and the purified strains were preserved by lyophilization. Strains SP32 T (5SLM-1 T ) and SP95 (5SLM-2) were isolated from sample NO.1 on PYG agar, and strain SR68 (5SLM-3) was isolated from sample NO.3 on R2A agar. These three strains were selected for further taxonomic research, as 16S rRNA gene sequence analysis showed that they might represent a novel species.
During our polyphasic investigation, strains were cultivated on PYG agar or in PYG broth for most of the experiments. Six strains were used as reference strains in this study: Phenotypic characteristics of the isolates were tested as follows. Cell morphology and flagella were observed using light microscopy and transmission electron microscopy (JEM1400; JEOL) (Fig. S1 , available in the online Supplementary Material). Motility was determined by the hangingdrop technique (Skerman, 1967) . Gram staining was performed according to the procedure of Collins et al. (1989) . Growth of strains was tested on tryptic soy agar (TSA), nutrient agar (NA) and marine agar 2216 (MA; BD Difco). For assessment of the pH range for growth, strains were cultured in PYG broth adjusted to pH 4.0-10.0 using 100 mM acetate buffer (for pH 4.0-5.0), 100 mM phosphate buffer (pH 6.0-8.0) or 100 mM NaHCO 3 /NaCO 3 buffer (pH 9.0-10.0) (Breznak & Costilow, 2007; Yumoto et al., 2004) , and the medium was sterilized by filtration. The requirement for and tolerance of NaCl were tested in PYG broth supplemented with 0-5.0 % (w/v) NaCl (at 0.5 % intervals). Growth at 4, 8, 15, 20, 30, 35 and 37 u C was observed on PYG slants after 15 days of incubation. Photoautotrophic and photoheterotrophic growth under anaerobic conditions was tested in screw-capped tubes and in agar deeps at 2400 lx, using DSMZ medium 27 and PYG medium, respectively. For analysis of photosynthetic pigments, cells were suspended in 60 % sucrose solution and the in vivo absorption spectrum was measured by using a Lambda 35 UV/Vis spectrometer (Trüper & Pfennig, 1981) .
Catalase and oxidase activities were determined by using 3 % (v/v) H 2 O 2 and Bactident oxidase strips (Merck), respectively. Hydrolysis of Tweens 20, 60 and 80, starch, aesculin, CM-cellulose, casein and gelatin was assessed according to Smibert & Krieg (1994) . The DNase assay was carried out on DNase test agar (Merck). Other enzyme activities were determined using the commercial systems API 20E, API 20NE and API ZYM (bioMérieux) following the manufacturer's instructions. Acid production from carbohydrates was tested in the API 50CH strip (bioMérieux), and oxidation of substrates was evaluated by using the GN3 MicroPlate system (Biolog). Sensitivity to antibiotics was tested on PYG plates by using antibiotic discs (Beijing Tiantan Biological Products) containing ampicillin (10 mg), amikacin (30 mg), azithromycin (15 mg), cefaclor (30 mg), cefazolin (30 mg), cefoperazone (75 mg), cefotaxine (30 mg), ceftazidime (30 mg), ceftriazone (30 mg), cefuroxime sodium (30 mg), cephalotin (30 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), clarithromycin (15 mg), clindamycin (2 mg), doxycycline (30 mg), erythromycin (15 mg), fleroxacin (5 mg), lomefloxacin (10 mg), minocycline (30 mg), netilmicin (30 mg), nitrofurantoin (300 mg), oxacillin (1 mg), penicillin G (10 IU), piperacillin (100 mg), rifampicin (5 mg), sulfamethoxazole (1.25 mg), tetracycline (30 mg), tobramycin (10 mg) and vancomycin (30 mg). The morphological, biochemical and physiological properties of strain SP32 T are given in Table 1 and in the species description.
For fatty acid profile analysis, the new isolates and reference strains were incubated on TSA at 18 u C for 3 days, and the cell mass was harvested during the exponential growth phase, subjected to saponification, methylation and extraction as described previously (Kämpfer & Kroppenstedt, 1996) and subsequently analysed by gas chromatography (Agilent 6890). Peaks were determined using MIDI (version 6) by adopting the TSBA6.0 database (Sasser, 1990) .
Respiratory quinones of the three new isolates and R. veldkampii CGMCC 1.5006 T were extracted according to Collins (1985) and analysed by HPLC (Wu et al., 1989) . Polar lipids were extracted by the procedure of Minnikin et al. (1984) and determined by two-dimensional TLC. The identity of the separated spots was confirmed by spraying with 5 % ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol for total polar lipids, phospholipids, aminolipids and glycolipids, respectively. The polar lipid features of R. veldkampii CGMCC 1.5006
T and P. wandonensis KCTC 23672
T were used as references.
Genomic DNA of these strains was extracted by using the Genomic DNA Rapid Isolation kit for Bacterial Cell (BioDev-Tech) following the manufacturer's instructions. The pufM gene was amplified by using primers 2F (59-CAGATCGGGCCGATCTA-39) and 4R (59-CCAGACGT-ACCAGTTGTC-39) (Uchino et al., 2002) . PCR products from pufM were detected by electrophoresis. The 16S rRNA gene was amplified by using universal primers 27F and 1492R (Lane, 1991) . PCR products from the 16S rRNA gene were cloned using the pGEM-T Easy vector and sequenced. The nearly full-length 16S rRNA gene sequence (1428 bp) was obtained, and aligned with available published sequences in GenBank and EzTaxon-e server (Kim et al., 2012) .
According to analysis of their 16S rRNA gene sequences, strains SP32 T , SR68 and SP95 shared 100 % similarity, and 16S rRNA gene sequence similarities to their nearest phylogenetic neighbours were 96.6 % (R. . 16S rRNA gene sequences of the most closely related taxa were retrieved and aligned with BioEdit (Hall, 1999) . Phylogenetic trees were reconstructed with Mega5.0 by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971) methods. Bootstrap values were calculated based on 1000 replications in order to evaluate confidence levels of the nodes. Neighbour-joining phylogenetic analysis of 16S rRNA gene sequences revealed that the three new isolates constituted a distinct phylogenetic (Helsel et al., 2007; Wang et al., 2014) . Data are from this study unless otherwise indicated. +, Positive; 2, negative; W, weak; TR, trace (,1.0 %); ND, no data available; (+), (2), opposite result reported in the original description. In the API ZYM, 20E and 20NE strips, all strains examined in our study were positive for catalase, oxidase, esterase (C4), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase and alkaline phosphatase and negative for H 2 S and indole production, reduction of nitrates to nitrites, fermentation of glucose and activities of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, arginine dihydrolase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. pH for growth Range 6.0-9.0 6.0-9.0 6.0-9.0 6.0-8.5 6.0-8.0 6.5-9.5 5.5-9.0 6.0-9.5 6.0-9.0 6.0-8.0 6.0-8.0 Optimum 7.0-7.5 7.0-7.5 7.0-7.5 7.5 6.5-7.5 7.0-7.5 6.5-7.0 7.0-8. lineage within the family Rhodobacteraceae, and clustered with the genera Rhodobacter, Defluviimonas, Pseudorhodobacter and Haematobacter (Fig. 1) . The topologies of the maximum-likelihood and maximum-parsimony trees (Fig.  S2 ) also supported the notion that these isolates represent a novel genus that is distinct from the most closely related genera of the family Rhodobacteraceae.
DNA G+C contents were assessed by HPLC (Mesbah et al., 1989) , and DNA of lambda phage (Sigma) (49.8 mol%) and R. veldkampii CGMCC 1.5006
T was used as references.
As listed in Table S1 , the predominant fatty acid of strain SP32 T was summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 82.1 %) (Montero-Calasanz et al., 2013) , as with other genera of the family Rhodobacteraceae. Strain SP32
T was distinguished from members of the neighbouring genera Rhodobacter and Pseudorhodobacter by containing 11-methyl C 18 : 1 v7c (5 %).
The major polar lipids of strain SP32
T were phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylcholine, one unidentified glycolipid and one unidentified polar lipid (L4). In addition, six more unidentified polar lipids (L1, L2, L3, L5, L6 and L7) were present in strain SP32
T in trace amounts (Fig. S3) . As the polar lipid profiles of strains SR68 and SP95 were identical to that of strain SP32
T , results for strains SR68 and SP95 are not shown. The presence of an unidentified glycolipid and several unidentified polar lipids were the key feature of strains SP32
T , SP95 and SR68 that distinguished them from their closest phylogenetic neighbours, R. veldkampii Ubiquinone 10 (Q-10) was the sole respiratory quinone, in line with members of the family Rhodobacteraceae. The genomic DNA G+C contents of strains SP32 T , SR68 and SP95 were 67.6, 67.9 and 67.8 mol%, respectively.
According to the phenotypic and physiological characteristics compared in Table 1, strain SP32 T differed from members of the genus Rhodobacter in its phenotypic characteristics and cultivation conditions. Photoautotrophic and photoheterotrophic growth under anaerobic conditions were not observed for strain SP32 T . No absorption maxima at 377, 590, 803 and 860 nm were detected, which confirmed that it did not contain any photosynthetic pigments. In addition, strain SP32
T did not contain the photosynthetic gene pufM (Fig. S4) . Furthermore, strain SP32
T was distinguished from members of the genera Defluviimonas, Pseudorhodobacter and Haematobacter by polar lipid features and its fatty acid profile. Therefore, on the basis of these distinctive phenotypic, physiological, biochemical and phylogenetic characteristics, strain SP32 T represents a novel species in a novel genus within the family Rhodobacteraceae, which is proposed as Frigidibacter albus gen. nov., sp. nov. As the genomic, physiological and chemical taxonomic characteristics of strains SP95 and SR68 are identical to those of strain SP32 T , they are also proposed as strains of Frigidibacter albus.
Description of Frigidibacter gen. nov.
Frigidibacter (Fri.gi9di.bac9ter. L. adj. frigidus cold; N.L. masc. n. bacter a rod; N.L. masc. n. Frigidibacter a rod from a cold environment).
Cells are Gram-staining negative, non-spore-forming, short rods. Positive for catalase and oxidase activities. Photoautotrophic and photoheterotrophic growth under anaerobic conditions are not observed. The Voges-Proskauer test and urease test are positive. Q-10 is the sole respiratory quinone. The predominant polar lipids are phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, diphosphatidylglycerol, an unidentified glycolipid and an unidentified polar lipid. The main fatty acids are summed feature 8 (C 18 : 1 v7c/C 18 : 1 v6c) and 11-methyl C 18 : 1 v7c. The G+C content of the genomic DNA of known strains of the type species is 67-68 mol%. The type species is Frigidibacter albus.
Description of Frigidibacter albus sp. nov.
Frigidibacter albus (al9bus. L. masc. adj. albus white).
Displays the following properties in addition to those given for the genus. Cells are non-pigmented, non-motile and strictly aerobic, 0.6-0.8 mm wide and 1.0-2.2 mm long. Colonies are creamy, convex, round, opaque with smooth edges and 2-4 mm in diameter after 4 days of incubation on PYG agar at 20 u C. Growth occurs at 4-25 u C and pH 6.0-9.0 (with optimum growth at 18-20 u C and pH 7.0-7.5). The range of NaCl tolerance is 0-4 % (w/v) (with optimum growth at 0-1.5 %). Grows on R2A and NA, but not on MA. Photosynthetic pigments and the photosynthetic gene pufM are absent. H 2 S and indole production are negative. Does not reduce nitrate to nitrite. Negative for DNase activity. Aesculin is hydrolysed, but gelatin, starch, casein, CM-cellulose and Tweens 20, 60 and 80 are not. In API 20E, API 20NE and API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase and a-glucosidase activities, weakly positive for cystine arylamidase, a-chymotrypsin, acid phosphatase, b-glucosidase and Nacetyl-b-glucosaminidase and negative for arginine dihydrolase, b-galactosidase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, arginine dihydrolase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In the API 50CH strip, acid is produced T ), was isolated from a water sample of a cold-water lake in the west of China. The DNA G+C content of the type strain is 67.6 mol%.
